Insects are viewed from the harmful perspectives and aimed at killing them through several means including indiscriminate use of deadly chemicals. If good judgment made keeping views on sustainable crop production, natural balance and pollution free environment, they are important component of the ecosystem and their beneficial aspects are immense. One of them is that insects provide pollination service to plants. The study showed that over 50 species of insects visited flowers of 17 different species of selected crops during flowering periods. The visiting preferences of insects to flowers of different crops differed among the crop species and insect species as well. In fact, of the total pollination activities, over 80% is performed by insects and bees contribute nearly 80% of the total insect pollination, and therefore, they are considered the best pollinators. The manmade agro-ecosystem exerted pressure and forced to decline pollinators and their diversity, which resulted in reduced agricultural productivity again threatening biodiversity. Management of wide diversities of honeybees and other beneficial insects and flowering plant species occurring in Nepal help to maintain diversity of flora and bee fauna, pollination and reward hive products in the service of mankind. This paper covers honeybees and other insect species visiting various crop flowers.
INTRODUCTION
Co-evolution of flowering plants and their pollinators started about 225 million years ago (Price, 1975) . Stone carvings and bricks from the palace of Assyrian kings as early as 800 B.C. depict the significance of pollen and pollination of fruits that pollination enhances quality and yield of seeds and fruits. Lack of sufficient number of suitable pollinators causes decline in fruit and seed production (Partap, 2001) . Of the total pollination activities, over 80% is performed by insects and bees contribute nearly 80% of the total insect pollination, and therefore, they are considered the best pollinators (Robinson and Morse, 1989) .
Nepal is rich in plant and insect diversities including honeybees well distributed in terai, mid-hills and high-hills (Woyke, 1999) . About one-third of the total human diet comes from bee pollinated crops and pollination value worth about 143 times than honey production (Mishra, 1997/98) . Honeybees are the center of attraction to mankind from the beginning for their pollination services and beehive products. The wide diversities of honeybee and flowering plant species occurring in the country help to maintain diversity of flora and bee fauna greatly influence crop pollination and reward hive production in the service of nature and human beings as well. The pollinating potential of a single honeybee colony becomes evident when it is realized that bees make up to four million trips per year and that during each trip an average of about 100 flowers are visited (Free, 1993) . Therefore, pollinators and pollination activities were overviewed to elucidate significance of honeybees and other crop pollinators for maintaining natural diversity and sustainable crop production through the service of bees and other crop pollinators.
MATERIALS AND METHODS
Insect species including honeybees were recorded visiting flowers of seventeen crops grown at IAAS and its vicinity in 2004/2005 . In addition, exhaustive list of over 180 cultivated plants of economic importance was prepared and their important pollinators were searched gleaning through literature and available information arranged systematically. Findings are summarized in tables and briefed in texts. The causes of their decline, research priorities and conservation needs are also provided.
RESULTS AND DISCUSSION

Self-/cross-pollinated crops
The plants fall under the category of being self-pollinated or cross-pollinated for the purpose of reproduction, which are presented in Table 1 (Chaudhari, 2000) . Insect and other organisms play major role in boosting agricultural production by significantly increasing the yields of crops, vegetables, fruits and seeds through visiting flowers and helping in pollination. Self-incompatible and cross-pollinated crops require pollinating service of efficient pollinators. Self-pollinated crops also benefit from insect pollination, that increase yield up to 30% from pollinator visits and also collection of nectar or pollen and benefit farmers from pollinators' service. Lack of pollinators causes decline in fruit and seed production (Partap, 2001) . jawar, cotton, broad bean, jute, tobacco, pigeon pea, rai, yellow sarson, toria, safflower, brinjal, chilli etc.
Source: Bastola (1998) , Chaudhari (2000) The self-pollinated crop species occupy less than 15% and the remaining are cross-pollinated crops that need help of pollinating agents, wind, water or insects for fertilization. Some crops also exhibit often crosspollinated nature. The genetic architecture of such crops is intermediate between self-and cross-pollinated species. The self-pollinated crop species also benefit from cross pollination and hybrids grown these days require pollination in order to bear satisfactory marketable crops. Some plants may carry thousands of flowers, but unless there is adequate pollination, little if any fruit will be produced. Pollination is one of the most important factors in fruit production (Partap, 2001) .
Insect flower visitors and crop pollinators
The role of pollinators especially honeybees including some other insect flower visitors have been reported in Nepal Dhakal, 2003; Neupane, 2001; Devkota, 2000) . List of insect species visiting flowers of various crops at IAAS and its vicinity is presented in Table 2 . The study showed that over 50 species of insects visited flowers of different species of selected crops during flowering periods. The visiting preferences of insects to flowers of different crops differed among the crop species and insect species as well (Table 3) . The highest number of insect species (21 species) visited litchi and buckwheat followed by rapeseed, cowpea, radish, broccoli, sponge gourd, cucumber, brinjal, red gram, okra, mango, citrus, squash, bottlebrush, sesame and bottle gourd, respectively (Table 3, 4) . In general, out of 17 crops, honeybee species visited 15 different crop species followed by other hymenopterans wasps, other beneficial insects and some insect pests, indicating majority of helpful insects, i.e. flower visitors, pollinators etc. Source: From field survey and other various studies (Devkota, 2000; Dhakal, 2003; Neupane, 2001; Source: From field survey and other various studies (Devkota, 2000; Dhakal, 2003; Neupane, 2001; In the past, genus Apis was believed to have four species: Apis mellifera Lin. (species native to Europe and Africa with 24 sub-species), Apis cerana Fab. (Asian species with 4 sub-species), Apis dorsata Fab. and Apis florea Fab. In 1980, the largest bee species in the world, Apis laboriosa Smith was reconfirmed from higher altitudes of Nepal and in 1987, the world's smallest bee, Apis andreniformis Smith having black body color and living in Southeast Asia was reconfirmed as an independent species from Apis florae Fab. Similarly, in 1988, a red honeybee, Apis koschevnikovi Enderlein discovered in Sabah, East Malaysia was another independent species from Apis cerana Fab. Then in 1996, Apis nigrocinta Smith in Sulawasi Island, Indonesia and Apis nuluensis Lin. in same area as the habitat of Apis koschevnikovi Enderlein were described as two new species. Hence, among these nine species, eight species are distributed in Asian countries and more than 50% are in Nepal (Table 4) . Beekeepers and crop farmers need to realize their commercial importance. Then, they could be exploited for pollination different under different agro-climatic conditions. In addition, there are 20,000-40000 species of honeybees in the world that have to be conserved and utilized their services in pollination. Sakagami et al. (1980) , Partap (1997) ; * Introduced species
Over 180 plant species of economic importance and their pollinators have been listed in Table 5 . It is clear that bees pollinate almost all crops and very few crops are dependent on other insect species for their pollination requirements. Self-incompatible and cross-pollinated crops require efficient pollination services of honeybees and other pollinators. Even self-pollinated crops benefit from insect pollination because thus pollinated crops produce higher yields with good quality seeds showing their hybrid vigor without any desertion in the innate properties of fruits and seeds. Thus, honeybees are unquestionably the primary pollinating agents of many crop plants. Honeybees visit flowering plants and collect both pollen (if it is produced) and nectar from flowers. The flower is so constructed that if the bee has visited a previous pollen-producing flower, some pollen is likely to be transferred to the next stigma visited. Other pollinating insects are minor although their role in pollinating vast array of wild flowering plants and maintaining natural diversity is the reality but beyond the imagination of our thinking because of their miniature forms. Thus, there continues an uninterrupted natural phenomenon for co-existence of the insects and flowering plants for our selfish interest. 
Crop pollination and yield increment
There are very few studies conducted to assess yield increment and impact of insect pollination in Nepal (Table 6 , 7). But it is clear that insect pollinators play vital role in producing high yield due to their service in crop pollination. Importance of insects visiting flowers and pollination has been recognized in various crops in many countries (Free, 1993; Atwal, 2000; Crane and Walker, 1984; Verma and Jindal, 1997; McGregor, 1976) . From the study, it seems essential to survey and collect insect species in various crop plants during their flowering periods, identify them and explore their potentiality as crop pollinating agents for managing production and productivity of various crops. Source: Devkota (2000); Dhakal (2003) ; Verma and Partap (1993) Pollinators decline Pollinators are products of millions of years of evolution and eroding at fast rate from the globe. The ecological consequence of contemporary agriculture can be viewed from various angles analyzing each component Source: Verma and Partap (1993) of agriculture-deforestation for expanding agriculture, soil, irrigation, fertilizer, pesticide, and agronomic practices with their influence on the environment of plants and thereby pollinators.
Declining biodiversity
Decline biodiversity results decline in pollinators and vis-à-vis. About 75% of the genetic diversity of agricultural crops lost since the beginning of 20 th century from the earth and 25% of the world's species present in the mid 1980 will be lost by 2015 (Raven, 1988; WRI/IUCN/UNEP, 1989; FAO, 1993) . Over 85% of the 7000 or so apple varieties grown in last century are now extinct in the USA (FAO, 1993) . In 1970, genetic uniformity of maize in USA, caused almost $ 1000 million loss and yield reduced by as much as 50%. Similarly, the broad breast turkey accounting for 90% of all turkeys in the US today would be extinct without AI. In Europe, half of the breeds of domestic animals that existed in the beginning of the century have been extinct and one-third of remaining in danger. Irish potato famine in 1840s is the result of genetic uniformity causing million people to die and million more to immigrate. Rice, one of the most important cereal crops in south east Asia, only 10 varieties cover third-fourth of rice area, over 30,000 grown before in the same areas in India. The apicultural problems are severe in the developing countries like Nepal. The word biodiversity is often spelled out by many people but pollinators are quite new to Nepal. The cost of conserving biodiversity is far less than the penalty of allowing its degradation. Global extinction rate of species are accelerating at an alarming rate (Table 8) . Wilson (1988) estimated that 0.2-0.3% of all species are lost every year. Range of 5-10% of the tropical forest species may become extinct within the next 30 years (UNEP, 1993) . It is estimated that 60,000 species will be eliminated in the foreseeable future and 50,000 species will be at risk of extinction in the next half of the century.
Habitat loss
Natural forests that play a vital role in maintaining ecological balance, providing energy, animal fodder and timber and recharging water tables, are being degraded day by day causing habitat loss of other life system and ultimately threatening biodiversity and associated pollinators in Nepal. A constant rise in the population, higher rate of deforestation, and over-exploitation of resources with expansion of farm lands for agriculture and rearing livestock, cause a continuous depletion of the forest resources (Tables 9). The lowland and mid-hill fauna are more endangered than mountain fauna (Table 10) . Kaiser -I-Hind is the rear species of butterfly listed in IUCN Red Book. This is mainly due to greater human activity in lowland and mid-hills. Since 1945, 17% of the earth's vegetative land (1.2 billion ha) degraded, to an area equivalent to China and India together. To meet the need, the agriculture is expanding and pollinators' habitat is being lost so rapidly that sustainable agriculture is in jeopardy. Honey hunting Visit and observation trip of Khandarjung and Dalambhir, and discussion with a honey hunter (Mr. Min Bahadur Gurung) revealed that there were no colonies of A. laboriosa honeybees from 1985 to 1995 as a result of destructive honey hunting methods followed by the local honey hunters and in fact, only one two colonies appeared in 2000 (Thapa, 2006) . Similarly, as a result of habitat destruction and honey hunting, the wild honeybees, A. dorsata has been declining in Chitwan by more than 50% in the year 2004 as compared to 2003 (Pokhrel, 2006) .
Introduction of new species
Apis mellifera Lin. is the exotic honeybee of European origin and imported in the country for honey production. Partap et al. (2000) in the field study in Kathmandu valley reported that worker bees of A. mellifera carried significantly heavier pollen loads from both peach and plum flowers than those of A. cerana worker bees. However, studies conducted on the pollination of strawberry showed that A. cerana collected heavier pollen loads during morning and noon hours showing time and crop specificity. But the introduced species, A. mellifera completely replaced domesticated native A. cerana bees as indicated by the absence of worker bees during early, mid and late hours under Chitwan condition (Figure 1 ). In addition, beekeepers in terai regions are keeping A. mellifera and slowly replacing the native honeybee A. cerana, and thus a decline of A. cerana bees has been recorded in the terai regions.
Diseases and pests
Nepal did not know any serious bee disease until 1980, when the serious outbreak of the sacbrood disease caused by the Thai sacbrood virus, occurred first along the eastern border areas. The disease spread so fast that within four years it covered the entire length of the country, and reached to peak in western border areas within three years. During the time, almost 90% of the colonies lost (Kafle, 1992; Shrestha and Shrestha, 2000) . By 1984, the disease started to subside and the bees started to regain normal condition again from the eastern border. The Asian mite, Varroa jacobsoni is associated with A. cerana and A. dorsata bees but causes no serious problem to them, but it is fatal to A. mellifera colonies. A. mellifera colonies may collapse in the near future unless timely precautionary measures taken. Farmers' training to beekeeping in modern hives, regular supervision and seasonal management seem necessary to establish good apiaries free of disease and pests.
Pesticide pollution
Insects are viewed from the harmful perspectives and aimed at killing them through several means including indiscriminate use of deadly chemicals. The demand of pesticides increased in Nepal with the introduction of high yielding varieties of crops, massive input of chemical fertilizers and irrigation facilities which improved the agricultural productivity considerably but also created multi-faced problems resulting in a large amount of crop losses and turning ecological sound farming into pest problems, crop loss and pesticide pollution (Thapa, 1994; Thapa et al., 1995) . The use of chemical pesticides is concentrated in standing crops and post harvest loss protection in agriculture, and control of malaria and black fever in public health sectors. Several studies estimate that the use of pesticides in agriculture worth of over 50 million rupees and this guess could be as high as 500 million rupees in agriculture, agro-forestry, and human health. Among the crops, cotton receives the highest amount of pesticides (2560 g/ha) followed by tea (2100 g/ha) and then vegetable farming (1450 g/ha) as compared to the national average of 142 g/ha (Table 11) . Source: Sharma (1994); Thapa (1994 Thapa ( , 1999 .
Regarding the type and volume of pesticide used by the farmers both the types and volumes decline from terai to mountain sharply (Thapa et al., 1995; . Commercial farmers have no sufficient understanding of pesticide handling, safe application and pollution to the environment.
Both the misuse and excessive use of pesticides disturb the natural ecosystem and produce serious environmental problems adding costs in four ways to the people: i) health related expenses, ii) environmental pollution, iii) yield loss due to non-target pesticide application resulting in pesticide induced pest resurgence and destruction of natural enemies and iv) financial burden both to poor farmers and the country as a whole (Baker and Gyawali 1994) . Pesticide problem on pollinators is severe in the developed country like USA (loss of about 320 million US$/year) and is equally important for other countries as well. After the heavy use of chemical pesticides all domesticated bees were wiped out in Ilam and Nuwakot and many colonies were destroyed in Chitwan (Sharma 1994; Thapa, 1994; .
A survey conducted very recently to record flower visitors in insecticide sprayed and non-sprayed mustard crop is presented in Table 12 . The insect flower visitors in non-sprayed mustard field were recorded over three times higher (19 insects species) than those in sprayed field (6 insects species only). It is clear that pesticide spray has been one of the various factors for pollinators decline. Therefore, it is essential to survey and collect insect species in various crop plants during their flowering periods, identify and conserve them, and explore their potentiality as crop pollinators. 
Global warming and climate change
Global warming is caused by something known as the green house effect, brought about by the ability of the atmosphere to be selective in its response to different types of radiation. CO 2 , (56%) CH 4 (14%), CFCs (23%) and N 2 O (7%) are main green house gases of which, CO 2 accounts more than 50% for global warming (Table 13 ). Atmospheric temperature increased by 1.5 to 5.5 0 C by the year 2030, causing loss of 10-15% arable productive costal land due to melting of polar ice caps and raise of sea level and CO 2 concentration increased from 290 ppm 100 year ago to 350 ppm today and likely to go up 440-500 ppm by 2100. Source : APP (1995) European scientists have warned that a long-term two degree Celsius or more increase in the average global temperature could threaten Latin America water supplies, reduced food yield in Asia and rise in extreme weather condition in the Caribbean. Global warming alters precarious habitats or eliminates food supplies. Based on the sample of 1,103 land plants and animals, it has been estimated that 15% to 37% would eventually become extinct as a result of climate change expected by 2050. Similarly, Californian scientists analysing 9,787 living and 129 extinct bird species, reported that tenth of all bird species could be extinct by 2100 and by then another 15% could be on the brick of extinction. The vulture population of India has crashed down by 95% in the last decade. These birds keep down insect populations, spread seeds, and pollinate flowering plants and scavenge on carrions.
More intense and erratic rainfall events are expected to be a feature of climatic change. The fate of agriculture of Nepal lies on rainfall, early rainfall in April, May in the hills and mountain to sow the seed of corn with some rainfall in June and heavy rainfall in July for rainy season crops. If this does not happen then entire hills become famine stricken area. Similarly, agriculture in terai area starts with early rainfall in July and heavy but discontinuous rainfall up to the end of September (some time up to December). First rain helps paddy plantation and second rain helps wheat plantation. If one failed the second crop is also likely to be failure unless artificial pumping ground water or irrigation water provided. Climatic changes have been realised for past few years. Hills are getting more landslides and glacial lakes out burst and more of cloud burst brought in scattered rain. Terai is experiencing heavy rain in some area and drought condition in other areas. It appears that country's modulation capacity to absorb heavy flood and increase low flow has now changed because of environment degradation which directly influence habitat and its biotic flora and fauna.
Level of knowledge/ awareness
Two studies (Partap and Partap, 2002; reveal that level of knowledge about biodiversity conservation, pollination and pollinators in Nepalese farmers are inadequate. Majority of farmers are not aware of biodiversity conservation and natural pollinators or managed pollination of crops (Tables 14, 15 ). Farmers survey revealed that more than 90% of the citrus farmers had no idea of pollinator and pollination of citrus and very few farmers (15%) had local bees in hive which is just for honey production and not for managed pollination, neither they were aware of biodiversity conservation and environment protection (ICIMOD, 2003) . National policy on pollinators It is clear that insects including honeybees are unquestionably the main pollinating agents for many crop plants. Their role in pollinating vast array of flowering plants and maintaining biological diversity is beyond the imagination of poor farmers, politicians, policy makers and even scientists are in dilemma. Beekeeping is known for honey production as well as pollination services to crops, but the later has received no attention in research and development activities in Nepal. Beekeeping important service of pollination has not only been underplayed by the planners, government authorities and also the agriculturists have ignored altogether.
Conservation and utilization of pollinators
Honeybees show preference to more attractive floral rewards neglecting the less attractive ones (Free, 1980) . When two or more species of bees compete for the same floral sources, the stronger and more competitive species displace the weaker one from the resources and geographic areas affecting crop pollination. Presence of Apis mellifera Lin. displaced and reduced the number of Apis cerana Fab. honeybees from the resources (Neupane, 2001; Mishra, 1997/98) . It has become increasingly clear that the pollination needs of a crop species varies greatly with the locality and cultivar concerned, so ideally pollination investigations are necessary in each general locality where crop is grown. Plant species are now grown for food, or other uses, in many parts of the world far from where they originated, and sometimes in absence of their natural pollinators. In such circumstances, careful consideration should be given to import natural pollinators with the introduced plant species.
In addition, increased need for hybrid seed production has often posed several pollinating problems and indeed the breeders of insect pollinated crops should always ensure that the quality and quantity of pollen and nectar produced will attract sufficient pollinators even when competitive sources are nearby. Pollinator's distribution is not systematic; some areas overcrowded with bees and others having practically none. Proper placement of the pollinators and even their attraction to pollinating crops is necessary for good result for ensuring effective pollination. If placed properly, honeybees worked equally well in all directions and were evenly spread in flowers (Ingram et al., 1996) .
For several decades, bee researchers and beekeepers have tried to conserve pollinating insects like honeybees providing nesting sites and good forage, and protecting them from pesticides. Managed pollination of crops that has been largely neglected part of agriculture requires due attention to increase productivity and quality. In this regard, little work has been done on the number of bee visits per flower, or the effect of cross-visitation between cultivars in relation to fruit set on crop cultivars either dependent upon or benefited by bee pollination. Some recommendations have been made, without support or data, on colonies per hectare and suggested placement. There is no indication given as to the relative bee population per unit of flowers and also no relation is shown between colonies per hectare and bees per flower. Studies on the foraging preference and effect of foraging competition of different honeybee species to crop pollination should find priority in future research for different ecological regions of Nepal.
In the developed countries, insect pollination has increased considerably during the past few decades and arrangements for insect pollination are now part of standard management practices when growing many crops. For example, in the USA alone, over million honeybee colonies are rented annually for pollination services. With hybrid seed production, it is likely that demands for pollination will become greater still in the near future. In the developing countries like Nepal, pollination by honeybees and other pollinators is completely neglected by everyone-policy makers, naturalists, researchers, extension workers and farmers. Rather it is just opposite that farmers are complaining loss of crops due to bees and other pollinators considering them as crop pests.
Knowledge about pollinators among university researchers exist to some extents, and as a result of realization of importance of this subject, university curricula, particularly at M.Sc. level (Botany, Entomology, Zoology) have included pollination, pollinators, biological resources, palynology, useful insects, etc.). As far as conservationists are concerned they have given emphasis to large mammals, birds, and reptiles, and almost nil to insect pollinators. Honeybees have been definitely concerned for honey production and Nepal is rich in traditional knowledge of beekeeping and honey production.
Over 66 laws, 38 rules and regulations, 39 executive orders and 39 by-laws in Nepal are of direct concern to agriculture. Out of these, 17 laws are agriculture specific addressing agricultural issues, agricultural trades and agro-industries. Reviews of these acts and regulations in the country reveal that none of them spell out the word pollinators and their conservation. Biodiversity can not be isolated from pollinators' diversity, and therefore, there is a need to address pollinators and their conservation issues in existing acts and regulations to take care of pollinator issue. Community members as users of local resources should be aware about importance of wild bee conservation for environment improvement, and benefit sharing.
At the present day, there is now a general increased environmental awareness for sensible habitat management that may help pollinators likely to increase. Discovering potential pollinators, devising management techniques, and increasing their population for commercial exploitation will take several years. Research studies are needed in this direction to conserve honeybees and other natural pollinators, exploit their potentiality in crop pollination and allow them to develop in the pollution free environment.
